Introduction
Gallotannins are phenolic plant products which consist o f a polyol moiety (usually D-glucose) whose hydroxyl groups are esterified wit gallic acid (3,4,5-trihydroxybenzoic acid). The complexity of such esters ranges from the simple /?-D-glucogallin (l-galloyl-/?-D-glucose) to /?-penta-0-galloyl-D-glucose. Esterification at the ra-hydroxyl o f the galloyl residues with further galloyl groups yields polygalloyl esters like the Chinese gallotannin from Rhus semialata. In contrast to the detailed knowledge of the chemistry and natural distribution of such hydro lyzable tannins (for recent reviews, see [1, 2] ), little is yet known concerning the biosynthesis of these com pounds. For therm odynam ic reasons, the p articipa tion of an activated interm ediate m ay by be ex pected in such esterification reactions. This assum p tion has been proven by enzymatic studies on the formation of chlorogenic acid (3-O-caffeoyl-D-quinic acid) and related depsides [3 -7 ] , acylated flavonols [8] or lupine alkaloids [9] . It has been shown in these investigations that cinnamoyl-CoA thioesters were utilized as carboxyl-activated intermediates. By anal ogy, it appears conceivable that galloyl-CoA m ight Abbreviations: CoA, CoA-SH, coenzyme A; DCC, dicyclohexyl carbodiimide; DCU, dicyclohexyl urea; PC, paper chromatography; TLC, thin-layer chrom atography.
Reprint requests to Prof. Dr. G. G. Gross. 0341-0382/82/0900-0778 $01.30/0 be involved in the biosynthesis of gallotannins. It should be noted that esters of substituted benzoic acids are common plant constituents, and that their CoA-derivatives have frequently been proposed to function as the required precursors (cf. [10] ). How ever, no conclusive data on the biosynthesis o f such esters are available. W ith respect to gallotannins, it was decided to synthesize and characterize the CoA-thioester of gallic acid as a prerequisite for further studies on these questions.
Experimental

Analytical methods
The chrom atography systems used for the identi fication of galloyl-CoA and of the various gallic acid derivatives required in its synthesis are sum marized in Table I . The compounds were detected by inspection under UV-light and further characterized by color reactions. Phenolic hydroxyl groups were detected by spraying with diazotized sulfanilic acid, the presence of vicinal phenolic hydroxyls was demonstrated with 0.5% F eC l3 in methanol. Hydrox amic acids and esters (after pretreatm ent with 2 m hydroxylamine, pH 6) were stained with acidic FeCl3-solution [11] . Thioesters and free CoA-SH were detected by the "delayed" nitroprusside reac tion [12] .
Mass spectra were recorded on a Varian MAT 711. C,H,N-analyses were perform ed by M ikroanalytisches Laboratorium Pascher, Bonn. 
Materials
CoA (free acid) and /?-glucosidase were obtained from Boehringer M annheim. Redistilled neutralized hydroxylamine was prepared according to ref. [13] . Ethyl gallate (Fluka) was purified by recrystalliza tion from water. Glucosidogallic acid (4-0-/?-D-glucopyranosylgallic acid) was synthesized by reacting ethyl gallate with a-acetobromoglucose (Serva H ei delberg), yielding ethyl tetraacetylglucosidogallate, and subsequent removal o f the protecting groups by alkaline hydrolysis [14] . The product was pure as judged by chromatography (solvents I, VI, VII), stained positively with diazotized sulfanilic acid, but not with FeCl3, and gave pure gallic acid after treatm ent with /?-glucosidase.
Chemical syntheses N-Succinimidyl 4-O-ß-D-glucosidogallate
This ester was prepared analogously to the syn thesis o f succinimidyl myristate [15] . G lucosido gallic acid (4 mmol, 1.32 g) and N-hydroxysuccinimide (4 mmol, 460 mg) were dissolved by refluxing in dioxane. After cooling to room tem perature, DCC (4 mmol, 824 mg) was added in small portions under stirring. The mixture was kept overnight and then the DCU was filtered off and the solvent removed by rotary-evaporation. The resulting solid was purified at 4°C in 0 .3 -0 .5 g portions by pas sage through a Sephadex G-10 column (2.5 cm i.d. x 30 cm) with water as eluant. The fractions contain ing the ester (Fe/K0 = 5 .2 ) were pooled and lyophilized (yield 56%). The product was analyzed chromatographically (systems VII, VIII); it gave no color reaction with FeC l3 alone, but stained after treatment with hydroxylam ine/FeC l3 or diazotized sulfanilic acid.
N-Succinimidyl gallate
N-Succinimidyl glucosidogallate (12.5 nmol, 5.25 mg) was dissolved in 0.3 ml 0.1 m sodium acetate buffer, pH 5.0, and /?-glucosidase (10 U) was added. After incubation under N 2 for 30 min at 37 °C , the incubation mixture was chilled in ice, brought to pH 3 with 1 N HC1, and thoroughly extracted with ether. The organic phase was evaporated and the product was analyzed chrom atographically (systems I, II, VII). It stained with FeC l3 and diazotized sulfanilic acid. The presum ed structure was further confirmed by FD-MS: m /e 267 (M +).
4-O-ß-D-Glucosidogalloyl hydroxam ic acid
N-Succinimidyl glucosidogallate (480 jimol, 203 mg) and redistilled hydroxylam ine (4 mol) in a total volume of 2 ml were incubated for 1.5 h at 30 °C. The reaction mixture was then chilled in ice and p u ri fied by gel-filtration as described above. The frac tions containing the hydroxam ic acid (V e/V 0 = 3.2) were combined and lyophilized (yield 38%). The product showed a single spot after chrom atography (solvents I, II, VI, VII) which gave the expected color reactions with F eC l3 or diazotized sulfanilic 
4.03% N).
Galloyl hydroxamic acid
Galloyl hydroxamic acid was prepared from the corresponding glucoside as described above for Nsuccinimidyl gallate. The product was pure as shown by chromatography (systems I, VII) and gave the expected color reactions. Its structure was further proven by EI-MS (70 eV): m /e 185 (M +), 153 (C6H2(O H )3CO+).
4-O-ß-D-Glucosidogalloyl-CoA
CoA ( Such problems were not encountered with galloylCoA, the final product, which was isolated after enzymatic removal of the protecting glucosyl re sidue. Treatment with nitroprusside and alkali re sulted in the immediate appearance o f a brick-red color which, however, could clearly be distinguished from the red color obtained with free CoA-SH. The nature of this thioester was further confirmed by alkaline hydrolysis, yielding gallic acid, and by hydroxylaminolysis which led to the formation o f a product that cochromatographed with authentic galloyl hydroxamic acid in several solvents.
Characteristics o f glucosidogalloyl-CoA and galloyl-CoA
The UV-spectra of galloyl-CoA and its 4-O-glucoside are depicted in Fig. 1 . Both spectra are characterized by a major maximum at 261 nm due to the adenine moiety o f CoA. The thioester linkage causes additional light-absorbance at longer wavelenghts, namely a shoulder around 290 nm (glucosidogalloyl-CoA) or a second peak at 305 nm (galloyl-CoA), which drastically decreases upon hy droxylaminolysis or alkaline hydrolysis. The result ing difference spectra had maxima at 282 nm and 310 nm, respectively. Moreover, it was found that the spectrum on an equimolar mixture o f CoA and glucosidogallic acid was identical with that of the corresponding thioester after esterolysis. The ob served spectral characteristics are in close agree ment with those reported previously for benzoylCoA [23] , its mono-hydroxylated derivatives [24] or veratroyl-CoA (3,4-dimethoxybenzoyl-CoA) [25] . Comparison of these spectra reveals that increasing substitution of the benzoyl moiety shifts the maxi mum of the thioester linkage to longer wavelengths as it is already known for the analogous cinnamoyl derivatives [25, 26] . In this context, it should be noted that the spectral properties of galloyl-CoA provide the basis for a convenient and sensitive photometric assay in enzymatic studies, as this has been widely used already for the related cinnamoylCoA esters.
The next problem studied was the quantitative determination of the CoA-esters synthesized in this investigation. This was done via the hydroxamate assay [11] . The thioesters synthesized in this investigation were further characterized by determining the rate constants in the presence of hydroxylamine or alkali. Hydroxylaminolysis was carried out at 30° C in 1 m NH 2OH, pH 6; the decrease of the thioester bond was measured photometrically at the maximum of the difference spectrum [27] . Under these condi tions, a half-life t/2 of 1.55 min was observed for glucosidogalloyl-CoA, which corresponds to an ap parent pseudo-first order rate constant k of 0.431 Summarizing the data reported above, it is evi dent that CoA-esters can be synthesized also with such labile compounds like gallic acid in satisfying yield and purity. The latter, as determined by UVspectrometry, was usually between 83 and 98%, i.e. a value which is equivalent to the purity o f com mercially available CoA-esters or free CoA-SH. Moreover, the galloyl-thioesters appear to be fairly stable; no significant degradation was observed with samples that had been stored desiccated at -20° for several months. Thus, a basis has been provided now for attacking the question whether galloyl-CoA is involved in the biosynthesis o f gallotannins, a problem which is presently under investi gation in our laboratory.
